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Abstract  Satellite imagery and data have been used to investigate the spatial 
distributions of wind speed and some terrain surface characteristics in the Gulf 
of Suez. The methods and the results are described in three separate sections: 
 
1. “Comparing SAR winds and in-situ winds”. Synthetic Aperture Radar 
(SAR) data derived from the European Remote Sensing Satellite (ERS) 
have been used to make wind speed maps for the Gulf of Suez. 
2. “Land cover from Landsat TM imagery”. Landsat Thematic Mapper 
(TM) data have been used to establish true- and false-colour land cover 
maps, as well as land cover classification maps. 
3. “Reporting on satellite information for the Wind Atlas for Egypt”. 
Along-Track Scanning Radiometer (ATSR) data from the European 
Remote Sensing Satellite (ERS) have been used to map the sea- and 
land-surface temperatures and albedos. 
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Wind Atlas for the Gulf of Suez 
Comparing SAR winds and in-situ winds 
1 Site description 
The Gulf of Suez in Egypt has for many years been investigated in regard to the wind resources 
(Mortensen and Said, 2002). The wind resources are very good due to the regional weather systems 
given generally high wind power potentials. So far a wind farm at Zafarana has been installed on 
land and more are being planned. A number of meteorological masts have been operated for several 
years. Currently 12 are in operations. Comparison to these data may offer a unique opportunity. 
Below is given the results of three cases where SAR wind speed maps are compared to 
meteorological observations. 
 
1.1 Comparison of SAR scenes and WAsP results 
To assess spatial features of the wind climate in the Gulf of Suez, three cases are studied from 
satellite images. The ERS SAR satellite data from ESA (European Space Agency; AO3-153) are 
analysed for wind speeds over the ocean. The C-band radar signals are processed with the CMOD-
IFRE2 by NERSC (Nansen Environmental Remote Sensing Centre) in Bergen, Norway (Hasager et 
al. 2001). 
 
Case I: 5 April 1996 
 
The first case is from 5 April 1996 at 20.10 UTC. Three satellite scenes, each 100 km * 100 km 
large covers the Gulf of Suez. The original cell resolution in the images is 25 m * 25 m. However, 
to avoid so-called speckle noise, the image data has been regridded into a 400 m * 400 m cell size. 
The wind speed is calculated for 10 m above the ocean assuming the wind direction to be constant 
at 20º as measured in Zafarana (see Table 1). The processed data are shown in Figure 2. It is 
possible to see two thin lines across the Gulf (the upper line is near Zafarana). It is a technical 
artifact of the mosaic of three satellite scenes. 
 
Meteorological observations are available from three masts near the coast: in the north Abu Darag 
and Zafarana and in the south Gulf of El-Zayt. The observations are graphed in Figure 1 and listed 
in Table 1. At the 25 m level the wind speeds in Abu Darag is 15.7 m s-1, in Zafarana 18.8 m s-1 and 
in Gulf of El-Zayt only 5.3 m s-1. This indicates a north-south gradient decreasing from the north 
towards south. In the satellite image a similar trend is observed. In the northern part of the Gulf 
strong winds occur and lower winds in the southern part. 
 
For comparing the mast observations over land to the 10 m wind over sea, the WAsP model has 
been used. The results of the of WAsP calculated wind speeds at 10 m level above the sea is listed 
in Table 1 together with the SAR wind speed observations. The comparison shows that the SAR 
wind speeds are very much lower than the observations. Near Gulf of El-Zayt the SAR wind speed 
map shows values below 2 m s-1 which is below the validity range of SAR for wind speed mapping. 
For the Abu Darag and Zafarana sites it is not clear why the differences of up to 10 m s-1 can 
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appear between observations and the SAR wind speed map. The atmospheric flow was stationary 
prior to the satellite overpass as shown in Figure 1 so it cannot be due to e.g. frontal activity. 
Uncertainty on wind direction in the SAR algorithms could not lead to errors of this magnitude. No 
conclusion is found and further analysis is needed.  
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Figure 1. Meteorological data from Abu Darag, Zafarana and Gulf of El-Zayt on the5 April 1999. The ERS 
SAR overpass time is indicated with a ‘?’ 
 
Table 1. Observations and predictions for 5 April 1996: site name, measured mean wind speed U at 24.5 m 
a.g.l., wind direction D and temperature T. Estimated wind speed Ue and direction De at 10 m a.s.l., about 5 
km offshore. USAR is from the SAR wind speed map. 
Met. station U D T Ue De USAR 
 [m s-1] [º] [°C] [m s-1] [º] [m s-1] 
Abu Darag 15.74 001 19.6 15.66 001 6.3 
Zafarana 18.83 020 19.8 18.45 020 7.5 
Gulf of El-Zayt 5.30 305 22.9 6.25 305 1.5 
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Figure 2.  ERS SAR wind speed map of  Gulf of Suez, Egypt . 5 April 1996 at 20.10 UTC. Courtesy of 
Birgitte Furevik, NERSC. 
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Case II: 2 October 1999 
 
The second case is from 2 October 1999 at 20.07 UTC. It covers only the southern part of the Gulf 
of Suez and part of the Red Sea. The ERS SAR wind speed map is shown in Figure 4 calculated for 
a wind direction of 246º. Meteorological observations from Hurghada at the time of the satellite 
overpass are shown in Figure 3 and Table 2. Streaks in the image data shows the wind direction is 
from the North. A local maximum in wind speed around 10 m s-1 is found North of the Gulf of El-
Zayt. Hurghada is located 10 km south of the image. WAsP has been used to calculate the local 
wind speed at 10 m above sea level 5 offshore from Hurghada. This result and SAR wind speed 
observations in the southern part of the image are compared in Table 2. It is seen that the SAR wind 
speed of 3.8 m s-1 is lower than the estimated wind speed of 5.0 m s-1. But as may be noted in the 
image (Figure 4) winds up to 6.4 m s-1 are also found in the southern part of the image. Local wind 
gradients within few kilometer could also be found further south. 
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Figure 3. Meteorological data from Hurghada on the 2 October 1999. The ERS SAR overpass time is 
indicated with a ‘?’ 
 
Table 2. Observations and predictions for 2 October 1999: site name, measured mean wind speed U at 24.5 
m a.g.l., wind direction D and temperature T. Estimated wind speed Ue and direction De at 10 m a.s.l., about 
5 km offshore USAR is from the SAR wind speed map. 
Met. station U D T Ue De USAR 
 [m s-1] [°] [°C] [m s-1] [°] [m s-1] 
Hurghada 4.80 246 27.8 5.08 246 3.8 
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Figure 4.  ERS SAR wind speed map of Gulf of Suez, Egypt. 2 October 1999 at 20.07 UTC. Courtesy of 
Birgitte Furevik, NERSC. 
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Case III: 10 November 1999 
 
The third case is from 10 November 1999 at 20.13 UTC. It is a scene from the middle part of the 
Gulf of Suez (Figure 6). The meteorological observation at Zafarana at 24.5 m is a wind speed of 
4.57 m s-1. The daily observations are given in Figure 5. The wind direction is from the west. This 
wind direction was used in the SAR wind speed algorithm. WAsP has been used to calculate the 10 
m sea level wind speed and the result is shown in Table 3 and compared to the observations in the 
SAR wind speed map. There is a strong wind gradient from 5.3 m s-1 to 2.5 m s-1 i.e. average 3.9 m 
s-1 at a distance of 5 km offshore from Zafarana. The result compares reasonably. 
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Figure 5. Meteorological data from Zafarana on the 10 November 1999. The ERS SAR overpass time is 
indicated with a ‘?’ 
 
 
 
Table 3.  Observations and predictions for 10 November 1999: site name, measured mean wind speed U at 
24.5 m a.g.l., wind direction D and temperature T. Estimated wind speed Ue and direction De at 10 m a.s.l., 
about 5 km offshore. USAR is from the SAR wind speed map. 
Met. station U D T Ue De USAR 
 [m s-1] [°] [°C] [m s-1] [°] [m s-1] 
Zafarana 4.57 263 18.1 5.03 263 3.9 
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Figure 6. ERS SAR wind speed map of Gulf of Suez, Egypt. 10 November 1999 at 20.13 UTC. Courtesy of 
Birgitte Furevik, NERSC. 
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Linear correlation analysis between the WAsP wind speed results at 5 km offshore distance and the 
SAR wind speed maps is shown in Figure 7.  All SAR wind speeds are systematically lower than 
the WAsP wind speed. For two observations the differences are as much a 10 m s-1, for one 
observation 5 m s-1 and for two observations only 1.3 m s-1. The data set is rather small and no clear 
conclusions can be made. Validation studies are challenging in the Gulf of Suez due to the 
pronounced spatial wind speed gradients in all the SAR scenes. Meteorological observations at 
coastal stations may be difficult to extrapolate far offshore. 
 
In the current study the wind direction from the meteorological masts have been used at input to the 
CMOD-IFR algorithm. It may be an advantage to input the wind direction that can be retrieved 
directly from the SAR images themselves by two-dimensional Fourier Transforms or wave-let 
analysis. 
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Figure 7. Linear correlation between wind speed from WAsP 5 km offshore and SAR wind speed 
observations. 
1.2 Summary on offshore wind speeds in the Gulf of Suez 
The SAR wind speed maps for the Gulf of Suez area in Egypt have been retrieved from the CMOD-
IFR2 model with input of wind direction from local in-situ observations collected at the coast. The 
SAR scenes map only three cases, hence no clear statistically-based conclusions can be made. The 
finding though is that the SAR wind speed maps shows lower values compared to the wind speeds 
offshore is calculated by WAsP model. Validation studies are challenging in the Gulf of Suez due to 
the pronounced spatial wind speed gradients that are obvious in all three cases. 
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Wind Atlas for the Gulf of Suez 
Land cover from Landsat TM imagery 
 
 
Satellite land cover maps 
 
Land surface maps for Gulf of Suez are investigated from Landsat TM satellite data. One full scene 
from 7 April 1996 at 07:26 UTC and a quarter scene from 29 Mars 1996 at 07:32 UTC are used for 
the analysis. 
 
The scenes are geometrically corrected image-to-image to a NOAA AVHRR satellite scene and 
vector layers from Digital Chart of the World (DCW) in a latitude-longitude grid. The scenes are 
mosaiced into one image. The pixel resolution is 30 m * 30 m and the area covered is 
approximately 150 km long and 100 km wide (Fig. 1). Fig. 1 is shown in false colour, i.e. near-
infrared (ch 4) is loaded in RED, red (ch 3) in GREEN and green (ch 2) in BLUE. It is easy to see 
structures like mountains and the Nile. At Zafarana and Gulf of El-Zayt two zoom-in images are 
shown (Fig. 2). Here it is also possible to see road structures and different landscapes. 
 
In order to use the information an unsupervised classification analysis is performed. In Fig. 3-5 the 
results for three sites, Abu Darag, Zafarana and Gulf of El-Zayt are shown. The positions of the 
meteorological masts are indicated. At this time the 12 classes are not given names, only numbers. 
Through a field survey the classes could be given appropriate names. This could also include 
relevant roughness values. 
 
At a local area near Gulf of El-Zayt a supervised classification analysis is performed. It means that 
geomorphological units that are visible to the image analysist are used as training areas for the 
classification. The result is shown in Fig. 6. A similar procedure is used for the Zafarana – Abu 
Darag and the result is shown in Fig. 7. For the whole Gulf of Suez area, an unsupervised 
classification was run and the vegetation was identified separately from NDVI values. The result is 
shown in Fig. 8. The result is only indicative and field surveys or other observations should be used 
to assess the accuracy of the results before use. 
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Fig. 1.  Gulf of Suez true-color map from Landsat TM 7 April and 29 Mars 1996. 
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Fig. 2. Zafarana and Gulf of El-Zayt area  from Landsat TM in true-color 7 April  1999. 
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Fig. 3. Abu Darag area in Egypt from Landsat TM in true-color 7 April 1996. 
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Fig. 4. Zafarana, Egypt from Landsat TM classification. 7 April 1996. 
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Fig. 5. Gulf of El-Zayt, Egypt from Landsat TM. Classification 7 April 1996. 
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Fig. 6  Gulf of El-Zayt, Egypt from Landsat TM. Classification  with class names 7 April 1996. 
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Fig. 7. Zafarana, Egypt from Landsat TM classification with class names 7 April 1996. 
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Fig. 8. Gulf of Suez, Egypt from Landsat TM classification with class names / April – 29 Mars 
1996. 
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Fig. 2. Temperature [ºC] from ERS-2 ATSR, 8 February 1997 @ 19:51 UTC. 
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Fig. 3. Temperature [ºC] from ERS-2 ATSR, 18 March 1997 @ 19:57 UTC. 
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Fig. 4. Temperature [ºC] from ERS-2 ATSR, 28 June 1997 @ 19:51 UTC. 
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Fig. 5. Temperature [ºC] from ERS-2 ATSR, 2 August 1997 @ 19:51 UTC. 
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Fig. 6. Temperature [ºC] from ERS-2 ATSR, 2 September 1996 @ 19:51 UTC. 
14 
Temperature (Cel)
5.9
8.4
11.0
13.6
16.1
18.7
21.2
23.8
26.4
28.9
31.5
34.0
36.6
ERS-2 ATSR
18 February 1997 07:53 UTC
Suez, Egypt
Scale
100 0
Kilometers
 
 
Fig. 7. Temperature [ºC] from ERS-2 ATSR, 18 February 1997 @ 07:53 UTC. 
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Fig. 8. Temperature [ºC] from ERS-2 ATSR, 9 March 1997 @ 07:56 UTC. 
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Fig. 9. Temperature [ºC] from ERS-2 ATSR, 22 June 1997 @ 07:55 UTC. 
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Fig. 10. Temperature [ºC] from ERS-2 ATSR, 12 August 1997 @ 07:52 UTC. 
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Fig. 11. Temperature [ºC] from ERS-2 ATSR, 12 September 1996 @ 07:50 UTC. 
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Fig. 12. Temperature [ºC] from ERS-2 ATSR, 5 November 1996 @ 07:53 UTC. 
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Fig. 13. Land and sea surface temperatures at approx. 10.00 local time from ERS-2 ATSR. 
 
 
Land and sea surface temperatures at approx.  22:00 local time
from ERS-2 ATSR
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Fig. 14. Land and sea surface temperatures at approx. 22:00 local time from ERS-2 ATSR. 
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Albedo at Zafarana from ERS-2 ATSR
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Normalized difference vegetation index (NDVI)
 from ERS-2 ATSR at Zafarana
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Fig. 15. A: Albedo at Zafarana from ERS-2 ATSR.  
             B: Normalized difference vegetation index (NDVI) from ERS-2 ATSR at Zafarana. 
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Fig. 16. ERS-2 ATSR, 22 June 1997 @ 07:55 UTC. Albedo of red channel (0.65 micrometer). 
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